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ABSTRACT 
Sunflower achenes impregnated with methiocarb at levels of up to 1,400 ppm were 
tested as baits to repel blackbirds from ripening sunflowers in 12, 0.8·ha fields at Sand 
Lake National Wildlife Refuge, Brown County, South Dakota. Cue enhancement in the 
form of either 4-Aminopyridine (4-AP) impregnated sunflower achenes or blaze-orange 
marker flags was used in combination with the methiocarb baits. Combined bird 
damage was an estimated 53% during the 4-week period from first treatment, at the 
end of anthesis, until termination of the study. In addition, there was no difference in 
fields with the 4-AP vs. orange flags. The test seemed to be a clear demonstration that 
baiting with a repellent is ineffecVve under conditions of constant bird pressure which 
existed at Sand Lake. Furthermore, numerous studies show that redwings readily 
distinguish food types and treated vs. untreated forms of the same type. Evidently, they 
also distinguish treated baits from untreated achenes in the sunflower head. This sug-
gests that the seeds to be protected must themselves be treated with the repellent. 
Presently, this is not possible with methiocarb due to the difficulty in impregnating the 
husk with a spray. Use of a surface repellent (e.g. tactile) would seem to be one possible 
alternative. 
INTRODUCTION 
The chemical repellent methiocarb (Mesurol® ) is potentially important in protecting 
ripening sunflowers (Halianthus annus) from blackbirds. It is effective under certain cir-
cumstances in protecting a variety of other ripening crops from granivorous birds 
(Guarino. 1972; Crase and DeHaven. 1976; Calvi et aI., 1976; Erickson et aI., 1980; Brug-
gers et aI., 1981). The mechanism of repellency presumably involves food aversion 
learning (Rogers, 1974; 1978a,b) which has a number of possible advantages over 
4-Aminopyridine (4-AP) induced distress. It is nonlethal and repellency can be generaliz-
ed to nontreated food of the same type; therefore, not all crops necessarily need to be 
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treated (Mason and Reidinger, 1983). In addition, information transfer about local food 
SOurces (Ward and Zahavi, 1973; DeGroot, 1980; Evans, 1982) and social facilitation 
and observational learning on feeding behavior (Lazarus, 1979; Mason and Reidinger, 
1981; 1982) are possible, whereby experienced birds influence the choice of feeding 
sites of inexperienced birds. This would imply that not all birds in an area would need to 
come in contact with the treated bait in order to avoid treated areas. 
Red-winged blackbirds (Age/aius phoeniceus) can be repelled from methiocarb-
treated sunflower seeds in the laboratory (Nelson and Knittle, pers. comm.; Schafer, 
pers. comm.). However, field trials involving the spraying of sunflower heads with 
methiocarb have been ineffective because of interception of the chemical by flower 
parts and insufficient penetration to the seed (Twedt, pers. comm.; Knittle, pers. comm.; 
Schafer, pers. comm.). 
The use of methiocarb-treated baits prepared under controlled conditions has been 
considered as a potential alternative to head spraying. However, cracked corn baits 
(100 ppm methiocarb/seed), applied at 11.2 kg/ha and evenly spread on the ground did 
not protect sunflower test plots at Sand Lake National Wildlife Refuge, Brown County, 
South Dakota (Knittle, pers. comm.), possibly for the following reasons: 
1. Redwings did not associate cracked corn with sunflower achenes in the head 
(Elkins and Hobbs, 1979), and corn was the less preferred food. 
2. The postingestional sickness following methiocarb ingestion was not strongly 
associated with sensory cues such as color, flavor/odor, or distress behavior. 
Mason and Reidinger (1983) suggested that methiocarb alone is a weak, un-
conditioned stimulus. 
3. Methiocarb levels on baits were insufficient. 
4. The number of treated fields was too few, and the experimental design was 
overly complicated, making the results inconclusive. 
5. A continuous influx of new blackbirds migrating through the area could have 
resulted in continuous sampling by the inexperienced birds. 
The present study was designed to test the effectiveness of methiocarb-impregnated 
sunflower achenes (seed with intact hull) as a bait to repel blackbirds from ripening 
sunflowers. This was used in combination with either 4-AP impregnated sunflower 
achenes as behavioral reinforcement, or colored streamers as visual reinforcement. 
METHODS AND MATERIALS 
Methiocarb Impregnation and Laboratory Bioassay 
Black, oil-type sunflower achenes (seed with hull) were soaked in a 1 % solution of 
methiocarb in methanol for either 24 or 72 hours. Fifty achenes from each time were 
then randomly selected to determine methiocarb levels. Hulls were removed and the 
seeds analyzed by thin-layer chromatography (TLC). The 24-hour soak resulted in seeds 
with about 100 ppm (0.01 %) methiocarb and the 72-hour soak in about 600 ppm 
(0.06%). Before bioassay the treated achenes were rinsed with methanol to remove 
crystalized methiocarb from the hull. 
Thirty male red-winged blackbirds were captured from a winter roost in Lakewood, 
Jefferson County, Colorado, and housed singly in metal cages (30 cm wide x 50 cm long 
x 27 cm high in front and 21 cm high in the rear) on three tiers of a cage rack. Each cage 
was fitted with a screen attached below it to catch spillage. The test room was maintain-
ed on a 12:12 LD cycle (0700-1900) and at ambient temperatures. Throughout the study, 
birds had ad libitum access to a food mix of sorghum, cracked corn, millet, and a com-
mercial pellet, and water. 
Birds were randomly assigned to one of the following three experimental groups: 
Methiocarb Ratio 
Group n treatment treated:untreated achenes 
UNTREATED 10 None 0:1 
TREATED-ALL 10 100 ppm 1:0 
TREATED-1 :5 10 600 ppm 1:5 
In this one-choice test,S g of sunflower achenes (x = 91 ± 1.3 SE achenes) were 
offered to each bird daily in a food bin at 1630. Untreated achenes were presented to all 
three groups for 15 consecutive days to establish a base line consumption level. The 
treated achenes were then presented for three days. Following this test period, 
untreated achenes were again presented to all three groups until food consumption 
recovered to base line levels. The dependent variable was the number of uneaten 
achenes or seeds remaining at the end of each day. The differences in the average 
number of achenes remaining per day between the base line and the test (XTest -
XSase) were calculated for all birds. This difference was then compared among groups 
by one-way ANOVA from which orthogonal, linear contrasts were made of UNTREATED 
vs. average of TREATED and TREATED-ALL vs. TREATED-1 :5. Similar comparisons 
were made between recovery day 1 and the base line consumption (Rec 1 - xSase). 
The methiocarb-treated achenes used as baits in the field test were prepared in the 
laboratory in early August. These seeds were soaked for 72 hours in a 4% solution of 
methiocarb in methanol, drained, dried, and rinsed in methanol to remove crystalized 
methiocarb from the hull. Samples of these seeds were stored for later analysis of 
methiocarb levels. In addition, achenes were field exposed for one and four weeks on 
the ground under bird-proof screening in three different test fields to check residue 
levels. 
4·AP Impregnation and Laboratory Bioassay 
Oilseed-type achenes were soaked in a 4% aqueous solution of 4-AP for 40 hours or 
until the seeds showed black discoloration, and then dried. Residue levels of 4-AP were 
analyzed from five randomly selected groups of five achenes by TLC. Batches were 
resoaked if 4-AP levels were < 20,000 ppm (2.0%). 
Bioassay for the effectiveness of 4-AP treated achenes was done with a single group 
of 15 male red-winged blackbirds. These birds were released into a room 4.8 m long x 
3.0 m wide x 2.2 m high in an outdoor enclosure with ad libitum access to food and 
water throughout the test. Following a one-week adjustment period, the birds were 
presented 100 untreated sunflower achenes on the floor of the enclosure for two hours 
on each of four consecutive mornings between 0800 and 1000 to establish base line 
consumption. On the mornings of days five and six, 10 4-AP treated achenes and 90 un-
treated achenes were offered to birds between 0800 and 0805. after which the remain-
ing treated achenes were removed and the untreated achenes left until 1000. Treated 
achenes were marked with Tracerite and were recognizable under UV-light. The number 
of uneaten achenes or seeds, as well as the number of affected birds, time to distress, 
and duration of distress were recorded. 
Reaction to methiocarb-impregnated achenes was then examined in conjunction with 
the 4-AP impregnated achenes with a second group of 14 male redwings. Following 
three days of base line consumption, 16 untreated and four 4-AP treated achenes were 
presented to the birds for two days between 0800 and 0805, after which the remaining 
achenes were removed and 80 methiocarb-treated achenes (100 ppm) added until 
1000. On day six, 100 untreated achenes were presented to the remaining birds for the 
two-hour period. 
The 4-AP treated achenes used in field tests were prepared and analyzed in the 
laboratory the week before use. Achenes were placed on the ground in a test field under 
bird-oroof screenina to assess 4-AP levels in the seeds following one week of exposure. 
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FIGURE 1. Location of sunflower test fields in relation to the major blackbird 
roosts and flight lines at Sand Lake NWR during August and 
September 1982. 
The achenes were frozen from the time they were removed from the field until analyzed 
in the laboratory. 
Study Area 
Field tests were conducted between 17 August and 22 September 1982 at Sand Lake 
National Wildlife Refuge near Columbia, South Dakota. The refuge traditionally attracts 
large numbers of red-winged blackbirds, yellow-headed blackbirds (Xanthocepha/us 
xanthocepha/us), and common grackles (Quisca/us quiscu/a) through the fall migration. 
Blackbird damage to nearby field corn (lea mais) and cultivated sunflowers has been a 
perennial problem (De Grazio, pers. comm.). 
Thirteen 0.8-ha test fields were planted on June 3 along the periphery of Sand Lake 
and in proximity to blackbird roosts (Fig. 1). Bird damage to test fields in this area had 
been severe in the past (Twedt, pres. comm.; Knittle, pers. comm.). Interstate hybrid 
897 sunflower seeds were planted at row intervals of 1.93 m to facilitate baiting. 
Although the fields were treated with a herbicide, weeds (including Ambrosia sp. and 
Setaria spp.) were abundant, particularly in Fields 1, 3, 6, 7, 9, and 10. In addition, 
damage by deer was considerable in Fields 1, 6, and 8. Nonetheless, all fields except 
Field 9 were used. 
Field Trial Design 
The 12 test fields were baited with methiocarb·impregnated sunflower achenes 
(oil-type). The reason for not using untreated fields as controls was based on past prob-
lems with field test design. Too often field tests for protecting ripening cereals from 
birds with chemical repellents and frightening agents have been inconclusive due to in-
sufficient replications and highly variable levels of damage within both treated and un-
treated fields. The design problems often are further confounded by the presence of un-
controlled variables such as plot size, position effects, bird numbers, roosting vegeta-
tion, and alternative foods (Bruggers and Jackson, 1981). In addition, the mobility of 
birds often results in treated and untreated fields not being independent. Treating all 
fields facilitates interpreting negative results by increasing the number of treatment 
replications from which an average level or rate of bird damage can be determined. 
Final damage exceeding an economic break-even pOint is considered to be unaccept-
able. For commercially grown sunflowers in North Dakota this break-even point 
averages 5-10% preharvest loss to birds (Cobia, 1978). Damage below this level would 
require a replication to demonstrate efficacy. 
These 12 methiocarb-baited fields also were tested for the effects of cue-
enhancement with either 4-AP impregnated baits as behavioral (distress) reinforcement 
or the addition of blaze-orange flags as visual field markers. Fields 1, 3, 5, 7, 10, and 12 
were baited with 4-AP; alternate Fields 2, 4, 6, 8, 11, and 13 were marked with blaze-
orange flags (Fig. 1). 
Baiting Schedule and Techniques 
The fields were baited with methiocarb·impregnated sunflower achenes at about six-
day intervals beginning August 18: 
Date Plots kg/field Method 
Aug 18 1-13 1.81 Ground 
Aug 22 1-13 1.36a Ground and bowls 
Aug 27 1-13 1.36a Ground and bowls 
Sep 2 1·13 0.91 Ground and bowls 
Sep 8 6-13 1.36a Groundb and bowls 
Sep 14 6·13 1.36a Groundb and bowls 
a Mixed with 3.18 kg millet. 
b Baits were put around sunflower heads which had been cut and layed on the ground. 
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FIGURE 2. Bioassay of methiocarb·impregnated sunflower seeds. 
Starting September 8, only Fields 6-13 were baited. The methiocarb-treated achenes 
were baited at 0.91-1.81 kg/field on the ground between rows and in the bowls formed 
by the inverted sunflower heads. Every third row was baited and starting rows changed 
on successive baitings. Untreated millet was added to the sunflower baits on four occa-
sions to enhance visibility and attractiveness. The 4-AP impregnated achenes were mix-
ed at a ratio of 1 :99, or 175 treated achenes/0.8-ha field, and distributed with the 
methiocarb baits. Baits placed in bowls were sampled periodically for evidence of ac-
ceptance by blackbirds. 
Visual Cue 
One-half of the test fields (Fields 2, 4, 6, 8, 11, and 13) included a visual cue in con-
junction with the methiocarb-impregnated sunflower baits. Blaze-orange plastic flags (1 
x 0.1 m) were attached to the tops of 2-m high poles and positioned in the four corners of 
each field from August 18 until termination on September 22. These flags extended 
above the sunflower fields and were easily visible at a distance of 1 km. 
Damage Assessments and Analyses 
Bird damage to ripening heads was assessed at two-week intervals beginning August 
19. Each 0.8-ha test field was divided into six strata of equal area (rows). Within these 
strata, eight fixed plots, 1.22 m long, were randomly selected and all post-bud heads 
within the plots were measured for diameter of face (df) and diameter of an undeveloped 
center (dc). The area of susceptible seed on a head (A) was then calculated by the for-
mula 
A = (dl- d/) x A /4 
The area of bird damage (cm2) was measured by the template introduced by Stone 
(pers. comm.) and evaluated by Dolbeer (1975) and Otis (pers. comm.). From these 
measurements, the area of seed sampled in each test field and the amount of bird 
damage in that sample were determined. For each damage assessment these numbers 
were totaled for all 12 fields. Final cumulative loss greater than 10% together with a 
pattern of continuous damage throughout the treatment indicated that the methiocarb 
baiting did not provide effective protection. The effects of the cues were analyzed by a 
weighted (by variance), stepwise regression to compare the rate of increase of bird 
damage between 4-AP treated fields and those with flags. 
Bird Counts 
Blackbird numbers were estimated by periodic counts of birds on the major flight 
lines departing roosts at dawn. Numbers were estimated by approximating the length of 
the flight line containing 1,000 birds, and then counting the number of such lengths 
passing a fixed point. The largest flock of blackbirds feeding in test fields was recorded 
during fixed 15-minute periods (i.e., 0600-0615, 0615-0630, 1845-1900). Species com-
position was estimated from feeding flocks. In addition, the numbers and type of both 
target and nontarget species affected by the treatment were noted. Most observations 
were made either early (before 1000) or late (after 1600) in the day. 
RESULTS 
Bioassay of Methiocarb-Impregnated Achenes 
Results of the bioassay (Fig. 2) suggest that methiocarb-impregnated achenes (100 
ppm or 600 ppm) effectively repel redwings under laboratory conditions. The UN-
TREATED controls ate significantly more than the TREATED birds (p< 0.001); Table 1a). 
Within the TREATED, the TREATED-ALL ate less than the TREATED-1:5 birds 
(p = 0.011). Food consumption returned to base line levels by recovery day five for the 
TREATED birds. On recovery day one, the TREATED-ALL birds consumed significantly 
more achenes than the TREATED-1:5 birds (p=0.011; Table 1b). 
Bioassay of 4-AP Impregnated Achenes 
Results of this test are presented in Table 2. In Group I (July 7-13), 10 4-AP achenes 
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FIGURE 3. Group size of blackbirds in test plots. 
were consumed during the two five-minute presentation periods on successive days 
(Table 2). Six birds showed distress symptons and died. The average time to distress 
was 23.3 ± 5.3 (SO) minutes. For the four affected birds on July 12 the average time 
from first distress until death was 48.3 minutes. The presence of dead or distressing 
birds did not affect food consumption of untreated achenes remaining after 0805 on 
either July 12 or 13. 
In Group II (July 28 - August 4), successive days combined methiocarb-treated 
achenes (100 ppm) with 4-AP induced distressing birds, two and one, respectively. This 
combination seemed to have little effect in developing a learned aversion to the un-
treated sunflower achenes on the following day where 73 of 100 achenes were consum-
ed by the 11 remaining birds (Table 2). 
Field Test of Methlocarb.lmpregnated Sunflower Baits 
On August 19, when baiting and damage assessments were initiated, 54% of 2,126 
heads randomly sampled from the 12 test fields had begun to wilt ray flowers and thus 
became susceptible to bird damage (Cummings, pers. comm.). Results of the damage 
assessments are presented in Table 3. The head area sampled increased between 
assessments one and two due to growth, and decreased between assessments two and 
three due primarily to shrinkage from drying and bird damage. Damage at assessment 
three varied greatly among fields: 60 cm2 (0.2%) in Field 8 to 35,585 cm2 (66.5%) in 
Field 4. The final cumulative loss of the sample was 203,943 cm2 (57.9%), and the 
damage continued to occur after this third assessment but was not measured. Harvest 
was possible at this time with the use of a desiccant. There was no difference in damage 
between assessments two and three in fields where the baiting was continued and 
those fields where it was discontinued (t = 0.25, P 0.10; Table 4). Fields 7 and 8 were 
not included in this analysis because neither had been visited by birds. Damage was 
12.4% greater between assessments two and three than between assessments one 
and two. The confidence interval for the combined rate of increase in absolute loss (B) in 
the fields that were analyzed (n = 6, pooled by treatment) is P (3,652 cm2 loss 
<: B < 6,941 cm2 loss) = 0.95, representing a loss rate of from 12.5 % per two weeks to 
23.6% per two weeks. 
Birds readily accepted bait in the sunflower bowls (Table 5). Of 247 bowls examined, 
213 (86%) contained empty hulls or cracked bits of the bait which were easily 
distinguished from fresh hulls. However, the birds did not seem to accept ground baits 
as readily, particularly in later stages when debris from the damaged heads ac-
cumulated on the ground. One hundred and thirty-two affected birds were found in test 
fields, only one of which was of a nontarget species, a sparrow (Table 6). For a 75-g red-
wing to be immobilized (1.5-2.0 mg methiocarb/kg bird), it must consume three-five of 
the treated achenes (1,000 ppm). Methiocarb levels remained high in the field-exposed 
baits throughout the course of the study (Table 7). This implies that successive baitings 
added to the total amount of bait/field. 
Field Test of Flag Cues vs. 4·AP Reinforcement 
There is no difference in the slopes of the 4-AP vs. blaze-orange fields (t = 0.04, 
'> 0.1 0). Two distressed redwings were seen during the study (Table 6). In one instance, 
a flock of about 50 blackbirds in Field 3 seemed to respond to an affected bird, but they 
resettled in the field after circling once. Thirteen dead birds were found in the 4-AP 
treated fields and three in the flagged fields. In addition, 4-AP levels in field-exposed 
achenes averaged 19,700 ppm after one week (Table 8). This is sufficient to elicit a 
strong response in the laboratory, but represents a 27% decrease from the time of 
preparation suggesting degredation or sublimation. 
Bird Counts 
The major night roosts and dawn flight lines of blackbirds at Sand LakE;! are illustrated 
in Figure 1. An estimated 400,000 birds, predominantly redwings ( ~80%) and 
yellowheads ( >15 %), were present throughout the study. Blackbird numbers seemed 
to be relatively constant, suggesting that turnover was minor. However, an influx of 
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grackles was noted on September 20. The flight lines passed over the test fields in the 
morning with relatively few birds remaining in the marsh and its adjacent sunflower 
fields. From the flocks observed in the test fields, only about 10% contained > 1,000 
birds and 40% were < 100 birds (Figure 3). Larger feeding flocks were common in the 
nearby corn where damage appeared to be extensive. There were no other large 
sunflower fields in the vicinity of Sand Lake that were attracting blackbirds. 
DISCUSSION 
Methiocarb Baiting 
Under seemingly favorable test conditions with sufficient bird pressures and numbers 
of fields, methiocarb-impregnated sunflower achenes were ineffective as baits to repel 
blackbirds from ripening sunflowers at Sand Lake National Wildlife Refuge. A possible 
explanation for ineffectiveness is that the large numbers of blackbirds, the small total 
area of sunflowers, and their proximity to the roosts simply masked any positive effect. 
It could be further argued that the fact that the test fields were not completely destroyed 
is an indication of a positive effect. If masking did occur, however, one might expect an 
early peak of damage while learning was occurring. But damage occurred both early 
and late. Constant turnover of birds in the roost could have accounted for this but we 
could not monitor it. 
The more plausible explanation is that even if a learned aversion to the treated baits 
occurred, avoidance was not generalized to or associated with the untreated achenes 
in the sunflower heads. Two-choice laboratory tests, while not necessarily 
demonstrating a true repellency, do clearly show that red-winged blackbirds can 
distinguish low levels of methiocarb treatment (Rogers, 1974; 1978a,b; Moulton, 1982) 
and associate them with cues (Mason and Reidinger, 1982; 1983). Birds then eat the un-
treated alternative food, or a previously treated food from which the repellent is 
removed (Rogers, 1978a,b). Red-winged blackbirds are able to distinguish the treatment 
by repeatedly sampling a food, particularly with a familiar food such as sunflower seed. 
This was demonstrated in the methiocarb bioassay in our study where birds sampled 
the treated achenes in the presence of the acceptable alternative, mixed cereal food. 
Other birds seem to distinguish toxic from nontoxic butterflies by constant sampling 
(Calvert et aI., 1979). 
The data suggest that repellent baiting as attempted at Sand Lake is unlikely to be an 
effective means to reduce blackbird damage to ripening sunflowers. Rather, the seeds 
to be protected must themselves be treated with the repellent. This is not presently 
possible with methiocarb due to the difficulty in impregnating the husk with a spray. Us-
ing a surface repellent (with tactile properties) might be a possible solution. 
Cue Enhancement 
The use of blaze-orange flags or 4-AP baits as cues did not seem to enhance the ef-
fect of methiocarb baits. This is not surprising as the repellent itself was ineffective. It is 
possible, however, that one or the other cue did enhance repellency to the baits. Of par-
ticular interest in this study is that the 4-AP baits had no apparent effect in themselves, 
contrary to the findings of Guarino (pers. comm.) and Besser (pers. comm.). The 
generally small size of blackbird feeding flocks in the test plots may have reduced the 
overall impact of affected birds by exposing fields to greater frequency of flock visits. In 
addition, the laboratory bioassay demonstrated that there is no aversion to sunflowers 
in the presence of a 4-AP treated distressing bird or a bird with past 4-AP experience so 
that previously dispersed birds could be easily attracted back to new feeding flocks. If 
so, the 4-AP might be more effective where the probability of returning to a specific field 
is reduced (i.e., further from the roost focal point). 
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TABLE 1. Results of the lab bioassay of methiocarb·impregnated sunflower 
achenes (ANOVA linear orthogonal contrast). 
a. XTest - xBase 
Source 
Total 
Treatment 
Error 
b. July 16 - XBase 
Source 
Total 
Treatment 
Error 
df SS MS 
28 25,695.50 
2 19,191.77 9,595.89 
26 6,503.73 250.14 
Contrast: UNTREATED vs. avg of TREATED 
df 
27 
2 
25 
Estimate == - 52 
P < 0.001 
TREATED-ALL vs. TREATED·1:5 
Estimate == 20 
p == 0.011 
SS 
14,829.81 
5,261.84 
9,567.96 
MS 
2,630.92 
382.72 
Contrast: UNTREATED vs. avg of TREATED 
Estimate == - 18 
P == 0.028 
TREATED-ALL vs. TREATED 1:5 
Estimate == - 25 
p == 0.011 
F 
38.36 (p < 0.0001) 
F 
6.87 (p == 0.004) 
TABLE 2. Results of 4·AP lab bioassay. 
X time xtime No. untreated 
No. achenes at 0800 No. 4·AP achenes No. affected distress death achenes consumed 
Group Date N Untrt 4·Apa Meth6 consumedc birds (min) (min) by 1000 
Jul7 15 100 100 
8 15 100 100 
9 15 100 100 
10 15 100 100 
11 15 
12 15 90 10 6 4 21.5 ± 5.5 69.8 ± 15.9 87 
13 11 90 10 4 2 27.0 ± 2.8 88 
II Jul 28 14 100 100 
29 14 100 100 
30 14 100 100 
31 
Aug 1 
2 14 16a 4 80 2 51 
3 12 16a 4 80 9 
4 11 100 73 
a Achenes remaining at 0805 were removed. 
b Achenes presented at 0805. 
c Treated achenes premarked with Tracerite making them detectable under UV light. Those not consumed by 0805 were removed. 
N 
co 
N 
N 
0 
TABLE 3. Results of damage assessments including total head area sampled, head area damaged, and the resulting percentage loss for 12 
test fields at Sand Lake NWR, 1982. 
Damage Assessment 
No. 1 (Aug 19-25) No.2 (Sep 1-7) No.3 (Sep 15-18) 
Total Loss % Total Loss % Total Loss % 
Field (cm2) (cm2) loss (cm2) (cm2) loss (cm2) (cm2) loss 
1 20,651 161 0.8 29,549 14,611 49.4 29,133 18,736 64.3 
2 36,798 95 0.3 45,057 1,829 4.1 44,043 13,353 30.3 
3 23,730 2,293 9.7 27,981 7,483 26.7 27,205 25,634 94.2 
4 50,104 2,124 4.2 54,263 22,870 42.1 53,544 35,585 66.5 
5 28,870 5,004 17.3 42,344 12,208 28.8 38,576 21,780 56.5 
6 10,628 65 0.6 16,193 1,382 8.5 13,316 10,846 81.5 
7 6,223 0 0.0 20,886 154 0.7 21,222 312 1.5 
8 13,676 0 0.0 30,711 0 0.0 26,250 60 0.2 
9 
10 14,818 34 0.2 19,713 6,229 31.6 18,832 15,173 80.6 
11 13,222 4 0.0 26,856 9,628 35.9 27,038 18,745 69.3 
12 26,819 1,373 5.1 34,434 11,037 32.1 34,340 26,324 76.7 
13 10,666 452 4.2 19,841 8,370 42.2 18,946 17,395 91.8 
Total 256,205 11,605 4.5 367,828 95,801 26.0 352,445 203,943 57.9 
TABLe 4. Bird damage between assessments two and three in bait·continued vs. 
bait-discontinued fields at Sand Lake NWR, 1982. 
Bait-continued Bait-discontinued 
Damage Damage 
Field (cm2) Field (cm2) 
6 9,464 1 4,125 
10 8,944 2 11,524 
11 9,117 3 18,151 
12 15,287 4 12,715 
13 10,025 5 9,572 
x 10,567 11,217 
SD 2,670 5,085 
TABLE 5. Acceptance of baits from randomly sampled sunflower bowlsa in 
three test fields at Sand Lake NWR, 1982. 
No. bowls 
No. bowls w/cracked or 
Field no. examined hulled baits 
Aug 25 13 97 87 
26 5 50 48 
Sep 6 4 100 78 
a Bowl refers to that formed by inverted sunflower head. 
% 
90 
92 
78 
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TABLE 6. Affected birds observed in test fields baited with either methiocarb·impregnated sunflower achenes used in combination with 
4·AP impregnated sunflower achenes or with marker flags at Sand Lake NWR, 1982. 
Redwings Yellow heads Grackles Nontarget 
Test field Immobile Distress Dead Immobile Distress Dead Immobile Distress Dead Immobile Distress Dead 
Methiocarb/4-AP 
1 
3 5 2 3 
5 7 13 2 2 2 
7 
10 
12 7 2 2 
Methiocarblflags 
2 
4 10 16 
6 33 2 
8 
11 
13 12 1 1 
Total 74 2 7 34 0 7 5 0 2 0 0 
TABLE 7. Levels of methiocarb (ppm) and its breakdown products in the seeds of methiocarb·impregnated sunflower achenes tested as 
baits at Sand Lake NWR, 1982. Analysis by thin·layer chromatography on samples of 50 achenes. 
Storeda 
Aug 15·Dec 15 AU\:1 24·31 
Methio· Parent Methio· 
Batch Field carb Sulfoxide Sulfone phenol carb Sulfoxide Sulfone 
No.1 1,181 
4 1,317 
12 1,410 
No.2 987 + + 
NO.3 717 + + 
No.4 723 + + 
a Analyzed Jan 3·4, 1983; refrigerated since Dec. 15, 1982. 
b Analyzed Dec 15·30, 1982; refrigerated since removal from the field. 
+ = present 
= absent. 
<50 
<50 
<50 
Field exposedb 
AU\:1 24·Sep 22 
Parent Methio· Parent 
phenol carb Sulfoxide Sulfone phenol 
+ 980 <50 294 
+ 1,122 <50 187 
+ 
I\) 
I\) 
w 
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TABLE 8. Levels of 4·AP (ppm) in the seeds of impregnated sunflower achenes 
tested as baits at Sand Lake NWR, 1982. Analysis by thin·layer 
chromatography. 
Samplesa 
Avg 
1 
2 
3 
4 
5 
At preparation 
(Aug 13) 
37,100 
30,600 
21,100 
23,000 
23,300 
27,000 
Field exposedb 
(Aug 24·31) 
24,800 
20,400 
19,300 
18,600 
15,500 
19,700 
a Each sample a composite of five seeds. All samples taken from the same batch. 
b Analyzed Dec 15, 1982; refrigerated since removal from the field. 
